Methods have been developed for preparatijrn of plasma membrane fractions from embryonic nepral retina and cerebellum. These membrane fractions are specifically bound by intact cells of the original tissue (43omotypic binding) and not by cells from the other ti'sue (heterotypic binding). Aggregation of neural retina ce(ls and cerebellar cells is prevented by addition of homnotypic membranes but not by heterotypic membranes. We conclude that, under our assay conditions, these emnbryonic cells specifically recognize homotypic membianes, and that the specificity of recognition is the same as in the initial step in the process of cellular aggregation.
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E1mbryonic tissues can be dissociated by mild proteolysis or other treatments to yield suspensions of single cells that will reaggregate and eventually reproduce many of the features of the original tissue. When aggregates are prepared from cells derived from two different tissues, these cells will eventually segregate into two homotypic aggregates (1) (2) (3) (4) (5) . Similar observations have also been made with sponges, where a specific glycoprotein released into the aggregation medium functions in cellular recognition (6, 7) .
The chemical nature of the cell-surface recognition sites in embryonic cells is not known, and there is some uncertainty whether initial cell recognition is absolutely specific for each tissue or whether cells from different tissues simply differ in their relative affinity for the same or similar molecules on the cell surface (3, 9) .
With the discovery of cell-surface glycosyl transferases, and the observation that plasma membranes recognize glycoproteins (9) (10) (11) , the interesting theory has been proposed that glycosyl transferases and glycoproteins are involved in cellsurface recognition (9) . The evidence for this theory is only indirect (9, 12) , because all techniques for quantitative measurement of cell recognition (12) (13) (14) measure the affinity of cells for each other, and it is difficult to determine the chemical structure of a receptor under these conditions. It seems likely that elucidation of the chemical nature of the cell-surface recognition site will require a study of cell-membrane structure.
We have proceeded on the assumption that cell recognition requires an active component and a passive recognition site. Under this assumption, the passive recognition site should remain intact in isolated plasma membranes, and these membranes should bind to homotypic cells and prevent cell aggregation. In in the 48,000 X g supernatant fluid of the original homogenate. Enr. is enrichment in specific activity relative to the homogenate. centrifuge for 20 min, and the pellet was suspended with a Dounce homogenizer in 2 ml of 60% sucrose in CMF-A. The suspension was overlayed with 1 ml of 48% sucrose, 1 ml of 43% sucrose, and 1.5 ml of 37% sucrose, all in CMF-A, and centrifuged for 4 hr at 86,000 X g (average radius) in an SW-39 rotor in a Spinco centrifuge. A visible band was present at each interphase and a small pellet remained at the bottom of the tube. The individual bands were diluted with 10 ml of CMF, and the particulate fractions were collected at 48,000 X g for 20 min and suspended in 2 ml of CMF. The fractions were stored at 40 for no more than 20 hr before use in the binding experiments. Prolonged storage at 40 or at -80°, under various conditions, led to loss of binding activity.
The method for preparation of the membranes is a modification of methods used for purification of plasma membranes from other sources (15) (16) (17) , and was selected for speed of preparation and gentle handling of the membranes. The presence of serum albumin (CMF-A) or other proteins was essential for obtaining active membranes. In order to determine the protein content of whole cells, cells were suspended in CMF, the total protein was determined on a sample, and the cells were then suspended in CMF-A before homogenization. Protein was determined by absorbancy at 260 and 280 nm after the material was dissolved by heating in 2% sodium dodecyl sulfate (18) , or by a modified Biuret method (19 Cell Aggregation was measured at cell densities indicated in individual experiments in 3 ml of medium HH in a 25-ml screw-cap Erlenmeyer flask (Bellco) at 70 rpm at 370 (4, 13). Aggregation was measured, either with a Coulter counter (13) or a hemocytometer, by the fall in the single-cell count. No significant cell lysis occurred during aggregation, as judged by trypan blue exclusion or release of ultravioletabsorbing material into medium.
RESULTS
The properties of the fractions obtained by discontinuous sucrose density centrifugation are shown in Table 1 . Fraction B-1, which banded between 37% and 43% sucrose, was enriched in plasma membrane markers, and contained 70% of the ['H]amino sugar present in the particulate fraction, was considered to be mainly derived from the plasma membrane. Electron microscopy showed this fraction to consist of vesicles of variable size and occasional ribosomes. The nature of fractions B-2 and B-3 is not known. Na+,K+-ATPase represented less than 10% of the total ATPase activity and could not be used as a plasma membrane marker in our system. Mg++-dependent ATPase, measured by release of inorganic phosphate from ATP in the presence of 5 mM MgCl2, was highly enriched in fraction B-1, and has been used as a plasma membrane marker in other systems (20, 21, 26) . Alkaline phosphatase and phosphodiesterase are common plasma membrane markers (22) . Membrane-bound glycoprotein and glycolipids are predominantly localized in the plasma membrane (27) , and fraction B-1 contains most of the membrane-bound labeled amino sugar in the preparation. When plasma membranes (fraction B-i) from neural retina are incubated with retina cells, they almost totally inhibit cell aggregation (Fig. 1) , while membranes prepared from cerebellum, or liver (not shown), do not have this effect. Under these conditions, membrane attachment can be observed by phase microscopy as a fluffy layer on the surface of the cells.
In Fig. 2 , we show the reverse experiment. Cerebellar membranes inhibit aggregation of cerebellar cells, while retinal membranes have only a much smaller effect on aggregation of these cells. A second method for looking at plasma membrane binding to cells is the use of radioactive plasma membranes. In Fig. 3 , we show the binding of [3H Iglucosamine-labeled retinal plasma membranes to retinal cells and cerebellar cells. As can be seen, about 20-25% of labeled membranes will bind to retinal cells but less than 5% to cerebellar cells. The binding to retina is time dependent, while binding to cerebellar cells is like binding to retinal cells before incubation. Some small binding of retinal membranes to cerebellar cells would be expected from the data in Fig. 2 .
Binding of radioactive plasma membranes to retinal cells is dependent on cell concentration (Fig. 4) and temperature (Fig. 5) . In all of these experiments, the concentration of cells and membranes is extremely critical. Large increases in cell concentration result in an inhibition of radioactive membrane binding, presumably because cells compete preferentially for receptor sites on the surface of other cells. At very low concentrations of cells, recovery by centrifugation from a large volume becomes very difficult. Also shown in Fig. 4 membrane vesicles derived from areas in the surface not involved in surface recognition. Heterogeneity of embryonicmuscle surface membrane has recently been demonstrated (28) , and separation of plasma membrane markers by zonal centrifugation has also been shown in adult liver (29) .
Labeling of cerebellar membranes by ['H Iglucosamine during recovery from trypsinization is very poor, less than 10% of that observed with retinal membranes, and may represent labeling of cells or cellular regions not involved in aggregation since none of the radioactivity in cerebellar fraction B-1 will bind to cerebellar cells, although fraction B-1 inhibits aggregation.
DISCUSSION
The observations we have presented show that the specific site responsible for cellular recognition in embryonic cells can be retained in isolated plasma cell membrane. This is an essential step for the possible isolation and characterization of the molecules responsible for specific cell recognition.
Although there has been considerable controversy whether early recognition is highly specific (8, 30) , under the conditions of our experiments specificity is exhibited by both cerebellar cells and retinal cells. While the specificity of neural retinal cells is apparently absolute, in that they will not bind either cerebellar or liver membranes, the data on cerebellum, a much more heterogeneous tissue, suggest that a fraction of the cells can interact with retinal plasma membranes.
The methods used may not be directly applicable to other cell types. For example, we have consistently been unable to obtain a preparation of liver-cell membranes that will prevent aggregation of liver cells.
We believe that binding of membranes to cells represents direct binding, with no intercellular substance such as has been postulated for sponges (6, 7) . Although effects of con- Fig. 3 with 'H-labeled retinal fraction BI at (-), 370 and (0), 40. ditioned medium (medium in which cells have aggregated) on the size and appearance of cell aggregates have been reported (30), we find no effect of conditioned medium under our aggregation conditions.
The effect of temperature on the rate of membrane binding, which is very similar to the effect of temperature on cell aggregation, suggests that binding is not simply a collision phenomenon, but requires an active process by the cell, perhaps exposure of specific sites on the surface or a particular configuration of a receptor.
The observation that cell membranes exhibit specificity indicates that cell sorting in mixed aggregates can be explained by cell motion and highly selective surface affinity without the necessity of diffusible messages.
